Primary intraosseous lymphoma is rare and there are few case reports manifesting with a mass in the mandible. Thus, we retrospectively reviewed and analyzed the clinical characteristics, treatment, and outcome of extranodal non-Hodgkin's lymphoma (NHL) with initial mandibular symptoms in our department. At initial treatment of dental clinics, dentists had diagnosed as dental or gingival diseases and had performed dental treatment. Neurological disorder to involvement of the inferior alveolar nerve was present in 80.0% of our cases. On dental or panoramic radiography a specific radiolucent lesion in the mandible was not detected, except for dental lesions. On CT, NHL of the mandible region has no widening and no clear destruction but a slit-like the cortex bone destruction pattern with keeping in shape of the mandibular body (62.5% of CT-examined cases), and extraosseous soft tissue mass are clearer on MRI (100.0% of MRI-examined cases). Histopathologically, 80.0% of our cases were diagnosed as diffuse large B cell lymphoma (DLBCL). One case as B-cell lymphoblastic lymphoma and one case as B-cell lymphoma unclassifiable with features intermediate between DLBCL and Burkitt lymphoma were Stage IV (Ann Arbor staging system) and had poor prognosis. The disease-specific survival rate was 77.8% at 5 years. If unexplained non-specific symptoms such as swelling of the jaw, pain, neurological disorder of the inferior alveolar nerve, tooth mobility are observed, oral surgeons and dentists should not perform dental treatments. CT and MRI show disease specific appearance to be able to give a definitive diasnosis as NHL. PET/CT is useful for scaninng of whole body. A deep bone biopsy is preferred for suspected malignant lymphoma.
Introduction
Malignant lymphoma is a malignancy of the lymphatic system with proliferation of malignant lymphoid cells or their precursors, [1] and is generally classified as either Hodgkin's or non-Hodgkin's lymphoma (NHL) [2] . Oral NHL account for 3.5% of intraoral malignancies and 2.5% of all NHL [3] . Primary intraosseous lymphoma is rare [4] . Huvos reported that 8 (5.8%) of 158 cases of NHL in the bone had involved the mandible [5] . There have been several reportes of malignant lymphoma of the mandible and many of them were aggressive with a poor prognosis [3] [6] . Malignant lymphoma has been reviewed and newly categorized in the latest edition of the World Health Organization (WHO) Classification of Tumours of Haematopoietic and Lymphoid Tissues [7] . Early diagnosis and treatment of the disease confer a better prognosis [3] [6] . Nevertheless, newer and better treatments are needed for aggressive malignant lymphomas [8] .
Here, we analyzed the clinical signs and symptoms of 10 cases of extranodal NHL in the mandibular region presenting with mandibular symptoms, and discussed the clinical characteristics, treatment, and patient outcome.
Material and Methods
We retrospectively reviewed the medical records of 73 cases of primary malignant lymphoma that were histopathologically diagnosed at the Department of Oral and Maxillofacial Surgery, Tokyo Medical and Dental University Hospital, between April 2001 and March 2015. The observation endpoints were set at May 31, 2015 . Of the 73 cases, 10 (7 men, 3 women) who presented with initial mandibular symptoms with mandibular bony involvement were included in this study. The median age of patients was 58.5 (range, 19 -81) years at the time of first consultation in our department. The male ratio was more than double for the woman.
Results

Previous Treatment
The summary of the previous diagnosis and treatments were showed in Table 1 . Patients were diagnosed by other dental clinics as periodontitis (cases 3, 6, 7, 9, 10), periapical periodontitis (case 8), pulpitis (cases 1, 4, 5), and decubitus ulcer (case 2) ( Table 1) . Root canal treatment (cases 4, 5, 8) , anti-inflammatory treatment (cases 1, 3, 10), tooth extraction (cases 6, 7, 9), and denture adjustment (case 2) were performed before their visit to our department. The median interval from previous dental treatment to the first consultation in our department was 1 month (range, 1 week to 11 months).
The summary of the general conditions, extra-and intra-oral findings were showed in Table 2 .
General Conditions and Extra-Oral Findings
A persistent fever above 38˚C was observed in one case (case 5). Limb swelling and numbness and loss of sensation in the leg due to sciatic nerve palsy were observed in one case (case 5). In addition to intraoral symptoms, cervical lymphadenopathy was observed in four cases (cases 2, 3, 7, 10). Eight cases (cases 1 -5, 8, 9, 10) had a neurological disorder to involvement of the inferior alveolar nerve.
Intraoral Findings
Seven cases (cases 1, 3 -5, 8, 9, 10) had mandibular bone swelling. Tooth mobility was observed at the first consultation in our department in four cases (cases 1, 5, 8, 9) . Three cases (cases 6, 7, 9) had non-healing of the tooth extraction socket and an expanding mass in the socket at the first consultation in our department after tooth extraction was performed for severe tooth mobility at the previous dental clinic. Two cases (cases 1, 3) had tooth 
Laboratory Data
Five cases (cases 2, 5, 6, 8, 10) of -examined cases had a high serum level of lactate dehydrogenase (LDH) (Table 2).
Radiological Findings
The summary of the radiological findings was observed in Table 3 . Three cases (cases 6, 7, 9) had ill-defined bone destruction in an extraction socket on dental radiography and/or panoramic imaging. Three cases (cases 3, 5, 8) revealed enlarged periodontal ligament space on panoramic radiography. Dental or panoramic radiography did not reveal a specific radiolucent lesion in the mandibular bone except for dental lesions that enabled a definitive diagnosis.
In our study, five (cases 1, 3, 5, 8, 10) of eight computed tomography (CT)-examined cases showed a slit-like appearance of cortex destruction, and all magnetic resonance imaging (MRI)-examined cases (cases 1 -3, 5, 6, 8, 10) showed an extraosseous soft tissue mass on CT or MRI.
The summary of histopathological diagnosis, treatment and prognosis were observed in Table 4 .
Histopathological Diagnosis
Three (cases 1, 4, 6) of eight cases were finally diagnosed as malignant lymphoma after re-biopsies ( 
Treatment
R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone) chemotherapy and autologous peripheral stem cell transplantation were performed for DLBCL. A case of stage IE DLBCL underwent R-CHOP 
Prognosis and Survival
All DLBCL patients survived (cases 1, 2, 4, 7 -10) except for one who died of pulmonary failure (case 6). One case each of B-cell lymphoblastic lymphoma (case 3) and B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and Burkitt lymphoma (case 5) resulted in death. The disease-specific survival rate was 77.8% at 5 years.
Case Presentations
Case 1: A 49-year-old woman presented to our department with a 2-week history of a vague toothache and discomfort in the mandibular front teeth. She had been diagnosed with pulpitis and received anti-inflammatory treatment before her presentation. Extraoral examination revealed a diffuse swelling on the chin, and slight hypoesthesia of the left lower lip and skin on the chin. Cervical lymph nodes were not palpable. Intraoral examination revealed non-vital teeth from the right mandibular central incisor to the right mandibular canine. Dental and panoramic radiologic examination of the mandible showed irregular marginal radiolucency of the mandible at the tooth root apex from the right mandibular lateral incisor to the left lateral incisor (Figure 1(A) ). CT demonstrated infiltrative, cortical, slit-like appearance of labial alveolar bone loss in the right mandible (Figure 1(B-1 1(B-2) ). MRI showed involvement of the surrounding soft tissue outside the cortical mandibular bone (Figure 1(C) ). Histopathological examination of a biopsy from the labial cortical bone showed thin fibrocollagenous changes in the mandibular cortical bone (Figure 1(D) ), and a odontogenic fibroma was consequently suspected (Figure 1(E) ). She received root canal treatment for teeth starting from the right mandibular central incisor to the right mandibular canine. Despite extirpation, symptoms such as discomfort and numbness of the left lower lip persisted. Two and a half years later, two tender, gradually enlarging masses covered by normal mucosa appeared on the lingual gingiva in the mid mandible (Figure 1(F) ). A biopsy of the lingual gingiva was performed and a diagnosis of DLBCL was made based on the results of histopathology and immunohistochemistry (Figure 1(G) ). Whole body 18 F-FDG positron emission tomography (PET) and bone marrow aspirate showed that the tumor was localized to the mandible and it was classified as stage IE according to the Ann Arbor staging system. The common presenting signs and symptoms were category "A" because of the lack of general signs and symptoms. Two cycles of R-CHOP followed by external beam radiation therapy (30 Gy in 15 fractions) were given, and complete remission has been maintained up during 88 months.
Case 3: A 19-year-old man presented to our department with a 1-month history of numbness of the left lower lip and swelling of the left mandibular molar region. He had received anti-inflammatory treatment for the third left mandibular molar but the symptoms had worsened. On extraoral examination, a fixed, elastic hard mass occupying the region from the left masseter to submandibular region was palpable (Figure 2(A) ). Paresthesia of the left skin on the chin was present. On intraoral examination, reddening and swelling of the mucosa around the third left mandibular molar was observed, and a hard mass was palpable under the lingual and buccal mucosa around the third left mandibular molar. Radiographically, a radiolucent lesion of the tooth socket of the third left mandibular molar was detected (Figure 2(B) ) and CT demonstrated an infiltrative, slit-like appearance of cortical bone erosion in the left mandible (Figure 2(C) ). On MRI, the bone marrow in the left mandible showed low signal intensity on T1-weighted images, high signal intensity on T2-weighted, fat suppression (FS) images, and homogeneous moderately high signal intensity on Gd-enhanced, T1-weighted images (Figure 2(D-1), Figure 2(D-2) ). The lobulated tumor had spread extensively to the surrounding soft tissue from the masticator space to the submandibular spaces, and showed high signal intensity on T2-weighted (FS) images (Figure 2(D-1) , Figure 2(D-2), Figure 2(D-3) ). A diagnosis of B-cell lymphoblastic lymphoma was made based on results of a biopsy from the submucosal mandibular lesion at the retromandibular trigone on the left side (Figure 2(E) ). Examination of whole body 18F-FDG PET/CT (Figure 2(F) ) and bone marrow aspirate showed that the tumor was localized to the mandible and was therefore classified as stage IVA. The patient died despite four cycles of hyper-CVAD, allogeneic hematopoietic stem cell transplantation plus 12 Gy total body irradiation. Case 5: A 43-year-old woman presented to our department with a 2-month history of numbness of the left lower lip after pulpectomy for pulpitis of the second left mandibular premolar. She had a persistent fever above 38˚C, severe fatigue, and anorexia. She also had limb swelling and numbness and loss of sensation in the leg due to sciatic nerve palsy. Hypoesthesia of the left skin on the chin was also present. Oral examination showed swelling of the buccal gingiva of the first left mandibular premolar (Figure 3(A) ) and severe tooth mobility. Radiographically, it was difficult to detect a specific radiolucent lesion of the mandibular body (Figure 3(B) ). CT demonstrated clear cortical bone destruction on the buccal side of the left mandible (Figure 3(C) ). MRI demonstrated soft tissue masses on the buccal side outside the mandibular cortex with a heterogeneous high signal intensity on T2-weighted (FS) image (Figure 3(D) ). Examination of the biopsy from the submucosal mandibular lesion at the first left mandibular premolar revealed B-cell lymphoma. It was difficult to reach the final diagnosis but the consensus was B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and Burkitt lymphoma. Based on the findings of whole body 18F-FDG PET (Figure 3(E) ), the mandibular tumor was classified as stage IVB according to the Ann Arbor staging system. The patient died despite two cycles of R-CHOP and autologous peripheral stem cell transplantation.
Discussion
Clinical Characteristics
NHL of the mandibular region was seen between the ages of 40 and 50, [9] with a male: female ratio of 2:1 [9] [10]. We encountered one case of B-cell lymphoblastic lymphoma in a 19-year-old. Lin et al. reported that 68.0% (17/25) of B-cell lymphoblastic lymphoma patients were male, with a median age of 20 years at the time of presentation [11] . Therefore, it was considered that B-cell lymphoblastic lymphoma occurs around 20 years of age in men. The peak age and clinical features of B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and Burkitt lymphoma are not well described.
Symptoms
Malignant lymphoma occasionally infiltrates nerves, causing axonal damage [12] and peripheral nerve complications. The clinical presentation of mandibular NHL is usually a neurological disorder secondary to involvement of the inferior alveolar nerve [4] [13] and paresthesia of 20% -100% of the skin supplied by the inferior alveolar nerve is common [14] . In our case series, 80.0% of cases had a neurological disorder secondary to involvement of the inferior alveolar nerve. The patient who had limb swelling and sciatic nerve palsy (case 5) was stage IV and had a poor prognosis. Considerable attention should be given to investigate the underlying cause if a neurological symptom is observed.
Gusenbauer et al. emphasized that malignant lymphoma of the mandible should be included in the differential diagnosis other than odontogenic infection, periodontitis, or localized osteomyelitis if clinically unexplained dental pain, facial swelling, mucosal mass, gingival swelling, persistent ulceration of mouth mucosa, [4] [15] [16] unexplained tooth mobility or non-healing mass of the extracted tooth socket [4] [16] is present.
Malignant lymphoma of the mandibular region is occasionally diagnosed as dental lesions, resulting in unfocused dental treatment and tooth extractions [15] . Dentists discovered that the lesions were not caused by dental disease only after failure of routine dental treatments in resolving unexplained symptoms as well as routine clinical and radiological assessments. For this reason, consultation in a specialized department was often delayed by three months in cases of mandibular NHL [9] [17]. In our study, there was a median interval of 1 month between dental treatment and the first specialist consultation. It was noted that three of five cases with tooth mobility underwent extraction in dental clinics. If unexplained tooth mobility is present, the dentist should not extract the tooth without considering the possibility of malignant lymphoma, as recommended in previous reports [4] [16].
Radiological Findings Panoramic Imaging Findings
Panoramic films occasionally show widening of the mandibular canal, mental foramen, or periodontal ligament, and loss of the lamina dura and ill-defined bone destruction [16] - [19] . However, many cases do not show a specific radiolucent lesion in the mandible on plain film, except for dental lesions, so a definitive diagnosis might be difficult based on dental or panoramic radiography [20] . If unexplained, non-specific clinical features except for dental lesions on routine dental and panoramic radiologic examination are observed, oral surgeons and dentists should request CT, MRI [4] [16] . Staging should be performed to determine overall orientation and spread of the tumor into nodal and visceral areas by standard modalities such as whole-body PET/CT [4] [16] [17] .
NHL of the mandible region manifests as bone destruction with a slit-like appearance with no widening and clear destruction of the cortex [14] . It is difficult to detect the slight erosion of the cortex during surgical examination [21] [22] .
Hicks et al. evaluated the histopathologic findings of primary extranodal NHL affecting the bone and reported that osteoclasts form tunnels penetrating the cortex and that the tumor spreads from the marrow to the surrounding soft tissue through these cortical tunnels [23] . In addition, Yasumoto et al. noted that the gingival mass of extranodal NHL frequently erode into marrow spaces without entirely destroying the cortex [22] . Such characteristic tumor-spreading patterns are reflected by CT and MRI findings [20] . MRI was superior to CT in evaluating extensive tumor involvement of osseous and soft tissues. On MRI, the tumor tends to show homogeneous low signal intensity (isointense to muscle) on T1-weighted images and high intensity on T2-weighted images. It is homogeneously enhanced after contrast administration [24] and may show additional characteristic findings on dynamic contrast-enhanced MRI. A low apparent diffusion coefficient (ADC) of NHL of the cervical lymph nodes was useful in differentiating NHL from squamous cell carcinoma [20] [25] [26] . PET/CT should be performed to determine overall orientation and spread of the tumor on the whole body [17] .
Pathological Diagnosis
Our study suggests that the pathological diagnosis should be based on a deep bone biopsy, as reported previously [9] . In addition, biopsy samples should be large enough to facilitate examinations such as immunohistopathological analyses and flow cytometry [16] [27] , as well as cryopreservation in certain cases.
DLBCL is more common in the mandibular region [28] . To our knowledge, there are few case reports of B-cell lymphoblastic lymphoma with a mass in the mandible [29] [30] . We experienced one case of B-cell lym-phoma, unclassifiable, with features intermediate between DLBCL and Burkitt lymphoma (case 5). This type of lymphoma was newly categorized in the 4th edition of WHO Classification of Tumours of Hematopoietic and Lymphoid Tissues [31] and is a poorly characterized entity [8] . Its occurrence in the oral cavity has been reported recently [7] [32], to our knowledge, our case is the first report of the entity arising in the mandibular region.
Treatment and Prognosis
Ruijs et al. suggested that 35 -40 Gy of radiotherapy is adequate for treating localized (stage I and II) lymphoma. [33] It has been reported that intermediate-and high-grade lymphoma respond well to combined chemotherapy and radiotherapy [34] [35] . A combination regimen with rituximab has been reported to be efficacious for DLBCL and follicular lymphoma but some tumors are refractory to rituximab. The reasons for such resistance and the mechanisms of targeting CD20 and other B cell antigens are unclear [36] . There is no established therapy for B-cell lymphoblastic lymphoma or B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and Burkitt lymphoma. Further studies on effective treatment for these two types of malignant lymphomas are needed.
The prognosis of NHL depends mainly on histological type, tumor stage, number of extranodal sites of involvement, and age [37] . Stage I NHL has a 5-year survival rate of 70% [38] to 83% [39] , stage II NHL has a 5-year survival rate of 49% [39] , and survival declines to 20% or below for stages II-IV [38] . In our study, all stage IE and II patients have survived except for one who died of pulmonary failure, whereas 2 of 6 cases with stage IVA or IVB disease had died. Stage IV lymphoma had a poor prognosis except for DLBCL. Despite difficulties in interpreting the clinical picture and the consequently delayed treatment of NHL of the mandible bone, prognosis of DLBCL is good [28] . In our study, 4 cases of DLBCL with Stage IV have survived. The prognosis of NHL does not depend on the tumor site [28] . The survival rate in our study was similar to those in previous reports [37] - [39] .
Conclusion
Malignant lymphoma must be considered in the differential diagnosis if unexplained symptoms such as swelling of the jaw, pain, neurological disorder due to suspected involvement of the inferior alveolar nerve, tooth mobility, or cervical lymphadenopathy is present. The dentist should not extract a loose tooth with an unidentifiable cause. If unexplained non-specific clinical symptoms are observed, oral surgeons and dentists should request CT, MRI or PET/CT. NHL of the mandible region has a slit-like appearance with no widening and clear destruction of the cortex bone on CT, and extensive tumor involvement of osseous and soft tissues are clearer on MRI. A deep bone biopsy is preferred for suspected malignant lymphoma.
